The clearance of radioiodinated Diodrast and that of phenol red were compared in anesthetized dogs in an attempt to determine the reason why the former is roughly twice the latter, even though the two substances are secreted by the same mechanism. The infusion of sodium acetate increases both clearances but does not alter the ratio of the two. Hence availability of substrate is not likely to be a significant factor in restricting the clearance of phenol red relative to Diodrast. Replacement of plasma proteins, which bind phenol red, with dextran, which does not, increases the clearance of phenol red relative to Diodrast. This increase in clearance ratio is a result of an increase both in the quantity of dye filtered and in the quantity secreted. These experiments show that either rate of diffusion of free phenol red from peritubular capillaries into tubular cells or rate of dissociation of phenol red bound by plasma proteins is a limiting factor in secretory transport. However, the Diodrast clearance exceeds the phenol red clearance in isolated kidneys perfused with dextran solutions in which all dye is free. Thus, factors other than protein binding play some role in causing disparity of clearances.
TIS GENERALLYBELIEVED thatphenolred,
I
We have investigated both hypotheses in Diodrast and para-aminohippurate are anesthetized dogs. In order to avoid any secreted by a single mechanism in the possibility of competitive inhibition of secrerenal tubular cells. However, even at low tory transport, the clearance of radioiodinated plasma levels, the clearance of phenol red is Diodrast has been used as a standard of considerably lower than that of the other two reference. Utilizing a well-type scintillation substances (1-3). Shideman, Rathbun and counter, activity was such that accurate Stoneman (4) observed an increase in phenol clearances could be measured at plasma conred clearance after the intravenous infusion of sodium acetate and maintained that availability of acetate might well be the rate limiting factor in the secretory transport of phenol red. Smith (s) , on the other hand, suggested that centrations of IO-~ to IO-~ mg % Diodrast.
The results of our investigation show that the availability of acetate is not a significant factor in determining the relatively low phenol red/Diodrast clearance ratio. In contrast, this difference might be due to the extensive high protein binding of phenol red is a factor of binding of phenol red by the plasma proteins, significance and contributes to the low ratios retarding the diffusion of the dye from the observed normally. However, other still unperitubular capillaries and reducing its extraction relative to that of a less bound substance such as Diodrast or para-aminohippurate. know plete n factors are involved for even in the comabsence of plasma proteins, i.e., i n experiments on isolated dextran perfused kidneys, the Dhenol red clearance is only about three- sulfate) by the method of Phillips (7). In experiments in which phenol red was given, 5 ml of 1% NaOH instead of 5 ml of alkaline picrate were added to a second set of the same urine dilutions and plasma filtrates.
The color was read with the same filter (no. 520 in the Evelyn-calorimeter) employed in the creatinine determination and the value so obtained was subtracted from the total (creatinine + phenol red) in order to determine the true creatinine concentration. The error of the creatinine determination due to the presence of phenol red (plasma phenol red concentration < I mg yO) was less than 2ojo. Phenol red was determined by an acetone extraction method in which 3 ml of acetone were added to I ml of plasma or diluted urine. At phenol red concentrations below 0.4 mg yO, 5 ml of acetone were added to 2 ml of plasma.
The mixture was shaken vigorously and centrifuged in stoppered tubes. Three drops of 10% NaOH were added and the solution recentrifuged in stoppered, matched tubes which could be inserted directly into the Coleman calorimeter.
Readings were taken at awavelength of 555 mg. The plasma blank was negligible; furthermore hemolysis did not affect the determination.
Total plasma proteins were determined with the microXjeldah1 method, the albumin concentration after precipitation with saturated NazSOA (0.5 ml plasma + 9.5 ml 24.5% NazS04 at 37°C In table 2 is presented a typical experiment illustrating the effect of the infusion of sodium acetate on the creatinine, phenol red and radioiodinated Diodrast clearances. During the three control periods, the phenol red/creatinine clearance ratio averaged 1.3 I and the phenol red/Diodrast clearance ratio averaged 0.44. The infusion of 200~ M sodium acetate/kg/min. was then begun. During the five experimental periods which followed, the creatinine clearance remained practically unchanged, the phenol red clearance increased significantly and the Diodrast clearance increased in proportion. Thus although the phenol red/creatinine clearance ratio increased significantly, the phenol red/Diodrast clearance ratio actually decreased slightly.
The results of four similar experiments are summarized in table 3. In each experiment, the clearances of creatinine, phenol red and radioiodinated Diodrast were determined in three control periods and then in five experimental periods during the infusion of acetate, The quantities of acetate employed were similar to those used by Shideman and co-workers (4). In one experiment, no. 12, the phenol red clearance remained unchanged after acetate, while the Diodrast clearance decreased. Thus, the phenol red/Diodrast clearance ratio increased. In all other experiments the phenol red clearance rose significantly, but since the Diodrast clearance increased even more, the phenol red/Diodrast clearance ratio exhibited essentially no change. Effect of Acute Replacement of Plasma Proteins by Dextran on the Phenol Red and Radioiodinated Diodrast Clearance. In seven acute experiments, the creatinine, phenol red and radioiodinated Diodrast clearances were determined before and after plasmapheresis with dextran. Table 4 shows a representative experiment of this series. After four control periods, the dog was bled 400 ml, five times. Each time following centrifugation, the red cells were suspended in 5% dextran in a balanced salt solution and returned to the animal. Total protein was reduced from 6.15 to 1.92 gm % and as a consequence, free phenol red increased from 19 to 44%. In comparison with the control values, the creatinine clearance decreased slightly, the phenol red clearance rose considerably from 150 to 230 ml/min., while the Diodrast clearance remained almost unchanged after plasmapheresis. Consequently, the phenol red/Diodrast clearance ratio increased significantly.
In table 5 , the results of all experiments are summarized. Each value represents the average of four control or four experimental periods, On an average, the plasma albumin concentration was lowered by plasmapheresis from a control value of 2.7 to 0.9 gm %, thus increasing the free phenol red from 25 To see whether this increase in phenol red/ Diodrast ratio is due in part to an increase in phenol red secretion and not merely to an increase in its rate of filtration, the concentration of free phenol red has been calculated using the equation and constants mentioned in METHODS. Thus the amount of secreted phenol red could be calculated and is presented in the next to the last column of the table. Although a significant increase in the secreted moiety is clearly apparent, control and experimental values are not strictly comparable due to changes in both total phenol red concentration and effective renal plasma flow. We therefore corrected the experimental values for these changes. Given in the last column of the table, these doubly corrected values show an average increase in phenol red secretion of 3 I %, with a range of 1436%.
However under the conditions of these experiments, only 52 % of the phenol red was free. We therefore investigated the phenol red clearance in three isolated kidneys, perfused with an artificial plasma containing dextran and entirely devoid of plasma proteins. Under these circumstances, IOO % of the dye is present in free form. Table 6 shows the results of these experiments. It is evident that the clearances and extraction ratios were far below normal. Although the product of the extraction ratio and venous outflow should approximate the clearance, this was true neither for Diodrast nor for phenol red. In most instances the measured clearance exceeded the clearance so calculated, indicating that materials stored in the kidney were excreted into the urine more rapidly than they were abstracted from the plasma. This is probably an indication of progressive deterioration of kidney function. One must therefore accept these results with reservations. However, although the phenol red/ Diodrast clearance ratio was slightly higher than in the plasmapheresis experiments, namely 0.77, it never approached 1.0.
DISCUSSION
The phenol red/creatinine clearance ratio in the control periods of our experiments averaged 1.75, a figure which agrees remarkably well with the value of 1.7 derived from the work of Shannon (I). Therefore, our average phenol red/Diodrast clearance ratio of 0.485 lies within the expected range. There were, however, rath .er large differences between the values observed in individual experiments for which no reason could be found. It is worthy of note that no significant change in this ratio was observed when the total phenol red concentration was reduced from 1.8 to 0.15 mg%.
The results of our experiments in which acetate was infused do not confirm the conclusion of Shideman et al. (4) that acetate might be the rate limiting factor for the secretion of phenol red at low plasma con .centrations. Whereas acetate may increase the effective ren .a1 plasma flow and the phenol red/creatinine clearance ratio, it has no specifi .c effect on the extraction of phenol red relative to Diodrast.
From the experiments with plasmapheresis, on the other hand, it seems to be clear that increasing the percentage of free phenol red by lowering the plasma proteins leads to a specific increase in phenol red secretion. Two explanations for this result seem to be possible: either the rate of diffusion of the free dye from the capillaries to the tubular cells is normally one of the limiting factors or the rate of dissociation of the dye-protein complex (the free phenol red being continously removed by the cells) is slow relative to the circulation time t,hrough the capillaries. No decision can be made at the present time as to which thesis is correct.
Although the phenol red/Diodrast clearance ratio increased following plasmapheresis in each of our experiments, it never approached 1.0, not even in those experiments on isolated dextran perfused kidneys where all phenol red was free. This indicates clearly that binding by plasma proteins is only one factor responsible for the difference in the tubular transport of phenol red and Diodrast. Other factors, perhaps connected with the different accumulation of such substances in the renal tubular cells (9) must be involved.
We should mention in passing that acutely the animals tolerated well the replacement of plasma proteins by dextran, exhibiting no reduction in renal function. Furthermore, one animal was subjected to plasmapheresis on three separate occasions separated by weeks. No adverse effects on renal function were observed in conseauence of this treatment. 
